ABSTRACT-The Quantou Formation of Jilin Province, People's Republic of China, has recently yielded an important new fauna of 'middle' Cretaceous vertebrates. This fauna includes the small-bodied cerapodan ornithischian dinosaur Changchunsaurus parvus, represented by excellent cranial and postcranial material. When initially described, Changchunsaurus was hypothesed to represent one of the most basal known ornithopods; however, similarities to ceratopsians were also noted, suggesting that Changchunsaurus may be crucial to elucidating the interrelationships of basal cerapodans, one of most problematic areas of ornithischian phylogeny. Here we present a detailed description of the craniodental anatomy of Changchunsaurus, rediagnose the taxon based upon three autapomorphies, and provide comparisons to other basal cerapodans, as a foundation for future studies of basal cerapodan relationships. Changchunsaurus shows strong similarities to the Chinese Early Cretaceous cerapodan Jeholosaurus, and it is likely that they are sister taxa.
INTRODUCTION
The Early and 'middle' Cretaceous was a crucial time in the evolution of the extant biota, with terrestrial ecosystems undergoing a fundamental reorganisation that has been termed the Cretaceous Terrestrial Revolution (Lloyd et al., 2008) . The most significant biological event was the initial radiation of angiosperms (flowering plants) and the coincident decline of gymnospermous groups such as cycadophytes (e.g., Niklas et al., 1985; Crane et al., 1995; Dilcher, 2000; , and this coincided with major radiations of insects, squamates, crocodilians, and basal birds and mammals (e.g., Grimaldi, 1999; Chiappe and Dyke, 2002; Lloyd et al., 2008) . Among non-avian dinosaurs, several major groups of herbivorous ornithischian dinosaurs (e.g., Ankylosauria, Ornithopoda, Ceratopsia) radiated, replacing the sauropodomorph and stegosaur-dominated herbivorous faunas of the Late Jurassic (Bakker, 1978; Sereno, 1997; Weishampel et al., 2004) . In recent years, remarkable new insights into these faunal and floral turnover events have come from Early Cretaceous lacustrine/volcanic deposits of the Jehol Group (Yixian and Jiufotang formations) of northeast China, which crop out in western Liaoning, northern Hebei, and southeastern Inner Mongolia in a series of northeast faulting basins (for reviews of the Jehol Biota see Zhou et al., 2003; Barrett and Hilton, 2006; Chang et al., 2008) . Other Cretaceous sedimentary basins in northeastern China have also yielded important vertebrate faunas in recent years. One of the most significant has been recovered from the Quantou Formation of the Songliao Basin in Jilin Province (Zan * Corresponding author. et al., 2003, 2005, 2006) , yielding important new taxa of mammals and dinosaurs that remain incompletely studied.
The most complete dinosaur material collected from the Quantou Formation is of the small ornithischian Changchunsaurus parvus, which is represented by a well-preserved complete skull and partial postcranial skeleton, as well as additional referred cranial and postcranial material. Changchunsaurus parvus was originally described briefly by Zan et al. (2005) who recognized that this taxon possesses an unusual combination of plesiomorphic and derived character states. They referred it to Ornithopoda incertae sedis, noting that although it possesses characters considered ornithopod synapomorphies by some previous authors (e.g., Sereno, 1999) , other characters are shared with ceratopsians, whereas still other aspects of its anatomy appear more plesiomorphic than cerapodans (Ornithopoda, Ceratopsia, and Pachycephalosauria, comprising most of Cretaceous ornithischian diversity). Butler et al. (2008) recently noted that one of the most unstable areas of ornithischian phylogeny concerns relationships at the base of Cerapoda, with widely differing phylogenetic hypotheses having been presented. For example, Sereno (1986 Sereno ( , 1999 included Heterodontosauridae, a clade best known from the Early Jurassic of South Africa, as well as all 'hypsilophodontids' within Ornithopoda, implying an origin for Cerapoda within the Late Triassic and a long marginocephalian ghost lineage. By contrast, You et al. (2003) and Xu et al. (2006) have suggested that Heterodontosauridae might in fact be the sister taxon to Marginocephalia, and that some proposed 'hypsilophodontid' ornithopods (e.g., Agilisaurus louderbacki) might also in fact have marginocephalian affinities. Butler et al. (2007 Butler et al. ( , 2008 proposed a significantly different hypothesis: heterodontosaurids were proposed to be the most basal well-known ornithischians, with a number of 'hypsilophodontid' ornithopods (e.g., Agilisaurus, Hexinlusaurus multidens, Othnielosaurus consors) positioned as non-cerapodan neornithischians, and taxa such as Jeholosaurus and Orodromeus being the most basal known ornithopods; this hypothesis implies a Middle Jurassic origin for Cerapoda. These major differences in phylogenetic hypotheses for the relationships of basal cerapodans have dramatic implications for understanding the timing of origin of the clade and sequences of character acquisition. Although this conflict probably partially reflects the usage by different authors of only partially overlapping character and taxon data sets, it also results from an inadequate knowledge of many basal cerapodan taxa. Many of the most important basal cerapodans, particularly those taxa traditionally considered as 'hypsilophodontid' ornithopods, are either highly fragmentary (e.g., Zephyrosaurus: Sues, 1980 ), briefly described, or essentially undescribed in the published literature (e.g., Jeholosaurus: Xu et al., 2000; Orodromeus: Scheetz, 1999) , or are in urgent need of revision (e.g., Thescelosaurus: see Boyd and Clarke, 2007 ; Parksosaurus: Parks, 1926) . A fundamental prerequisite to resolving phylogenetic relationships at the base of Cerapoda is the detailed anatomical description and taxonomic revision of key taxa. In this light, Changchunsaurus is extremely important given its highly unusual combination of characters and its well-preserved cranial anatomy: unlike most other basal cerapodans, the cranial anatomy of Changchunsaurus can be described from both a nearly complete articulated skull and from well-preserved disarticulated elements.
The aim of the present paper is to describe the cranial anatomy of Changchunsaurus in detail, rediagnose this taxon, and provide comparisons to other basal cerapodan ornithischians as a foundation for future studies of basal cerapodan relationships. Good postcranial material of Changchunsaurus is known; however, much of this material remains incompletely studied and so the postcranial anatomy will be considered in detail elsewhere, along with a detailed assessment of the phylogenetic position of this taxon.
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GEOLOGICAL AND PALEONTOLOGICAL CONTEXT
Until recently, Mesozoic vertebrate fossils were largely unknown from Jilin Province and the Songliao Basin, with only a few brief reports (Li and Wang, 1985; Cheng, 1989; Matsukawa et al., 1995; Wu et al., 2001) . The Quantou Formation is located along the eastern margin of the Songliao Basin in Jilin. Outcrops of the Quantou Formation yielding fossil bone were identified in the 1990s, and fossil material from one of these localities, at Liufangzi near Gongzhuling City, southwest of Changchun, was excavated by teams from the Jilin University Geological Museum (JLUM) during 2000 and 2002 (Wood et al., 2001; Zan et al., 2003) . Material collected from the Liufangzi locality includes the hypodigm of Changchunsaurus parvus (Zan et al., 2005) , a new species of neoceratopsian (Jin et al., 2009) , fragmentary material of large ornithischians including an iguanodontian (Zan et al., 2003:fig. 3; Chen et al., 2008) , undescribed theropod and crocodilian teeth (Zan et al., 2003) , mammals including the zalambdalestid eutherian Zhangolestes jilinensis Zan et al., 2006) , and dinosaur eggs (Wang et al., 2006) . Elsewhere, the Quantou Formation at Xidi village, Jiutai, northeast of Changchun, has yielded the holotype specimen of the sauropod Jiutaisaurus xidiensis (Wu et al., 2006) .
A detailed description (including maps) of the Liufangzi locality and its stratigraphic context was provided by Zan et al. (2006:figs. 9, 10) and is summarized briefly here. The Liufangzi locality is a manmade quarry with an outcrop dominated by red mudstones, interlayered with white to brown sandstones. Most specimens were collected from a single horizon, which is a gray to green mudstone with coarser fractions ranging up to granules or small pebbles . Although sedimentological analysis of the Liufangzi locality has not been carried out, all formations elsewhere in the Songliao Basin section are believed to be lacustrine or fluvial (Liu et al., 1993; Wang, 1995; Zan et al., 2006) . The Liufangzi strata were assigned to the Quantou Formation primarily on the basis of lithological characteristics, in addition to detailed (but unpublished) knowledge of subsurface geology by local geologists ; however, comparisons to the type section of the Quantou Formation (located near the town of Quantou in northern Liaoning Province) are limited because microfossils have not yet been collected from Liufangzi.
Aptian, Albian, or Cenomanian ages have been assigned to the Quantou Formation based upon biostratigraphical evidence from macro-invertebrates, plants, and microfossils (see Zan et al., 2006 , for a detailed review). Although basaltic intrusions occur on the eastern margin of the basin, whole-rock radiometric dates are largely inconclusive at present. Further work on the dating of the Quantou Formation is required; however, it seems unlikely that the Quantou strata are younger than Cenomanian (Sun and Zheng, 2000; Himeno et al., 2001; Sun et al., 2001) . SYSTEMATIC PALEONTOLOGY DINOSAURIA Owen, 1842 ORNITHISCHIA Seeley, 1887 CERAPODA Sereno, 1986 (sensu Butler et al., 2008 CHANGCHUNSAURUS PARVUS Zan, Chen, Jin and Li, 2005 (Figs. 1-10) "Archaeoceratopsidae": Zan et al., 2003: fig. 1 Changchunsaurus parvus gen. et sp. nov.: Zan et al., 2005 Holotype-JLUM L0403-j-Zn2 (Zan et al., 2005:figs. 2, 3, 4A, B; Figs. 1, 2A, B, 3, 6, 7-10) , complete skull and partial postcranial skeleton. The postcranial skeleton includes an articulated series of 24 presacral vertebrae, two sacral vertebrae, incomplete cervical, dorsal and sacral ribs, ossified tendons, partial left and right scapulocoracoids, sternal plates, proximal left and right humeri, partial left ilium, proximal left femur, proximal left tibia, right fibula and calcaneum (with fragment of the right astragalus?), complete right metatarsus and pes, and partial left metatarsus and pes.
Type Locality and Horizon-Liufangzi, near Gongzhuling City, Jilin Province, People's Republic of China (Zan et al., 2005: fig. 1 ; Zan et al., 2006:figs. 1, 8-10) . Quantou Formation, Songliao Basin, Aptian-Cenomanian ('middle' Cretaceous).
Revised Diagnosis-Cerapodan ornithischian characterized by the following autapomorphies: (1) slit-like incisive foramen present on the midline of the premaxillary palate, medial to crowns three and four, with foramen positioned lateral to it on each side; (2) thickened and slightly rugose dorsolateral surface of the dentary, adjacent to the first three dentary teeth and continuous with a beveled surface on the predentary; (3) groove FIGURE 1. JLUM L0403-j-Zn2, holotype skull of Changchunsaurus parvus from the Quantou Formation (Aptian-Cenomanian) of Jilin Province, China. Light grey infill indicates sediment, dark grey infill indicates broken bone surface, dashed line indicates an uncertain sutural relationship. A, skull in right lateral view; B, interpretive line drawing (note that the left mandible and cervical vertebrae have been excluded for ease of interpretation). Abbreviations: adm, concavity for adductor musculature (M. adductor mandibulae superficialis); ang, angular; aof, antorbital fossa; art, articular; cvpd, caudoventral process of predentary; de, dentary; fas, fragment of ascending process of maxilla; fna, fragment of nasal; fo, fossa on rostral margin of maxilla, adjacent to premaxilla/maxilla suture; hy, hyoid; itf, infratemporal fenestra; jb, jugal boss; lc, lacrimal; mx, maxilla; occ, occipital condyle; pd, predentary; plp, palpebral; pm, premaxilla; po, postorbital; qd, quadrate; qj, quadratojugal; sa, surangular; sp, sclerotic plate; spl, splenial; sq, squamosal. Scale bar equals 50 mm.
extending rostromedially along the lateral surface of the caudal half of the dentary and onto the medial surface of the coronoid process.
Referred Specimens-All from holotype locality: JLUM L0204-Y-23 (Zan et al., 2005: fig. 4C , D; Fig. 2C-F) , incomplete paired premaxillae; JLUM L0204-Y-24 (Zan et al., 2003:fig. 1 , shown in articulation with JLUM L0204-Y-24q; Zan et al., 2005:fig. 5; Figs. 4E-H, 10G, H) , almost complete right dentary; JLUM L0204-Y-24q (Zan et al., 2003: fig. 1 , shown in articulation with JLUM L0204-Y-24; Fig. 4C , D), predentary; JLUM L0204-Y-091i, caudal right maxilla containing eight crowns (Fig.  10E, F) ; JLUM L0204-Y-092i, caudal left maxilla containing five crowns and seven empty alveoli (Figs. 4A, B, 10A-D). Additional postcranial material referable to Changchunsaurus is also known, but will be considered elsewhere.
Comments-The original diagnosis of Changchunsaurus parvus presented by Zan et al. (2005:192) represented a summary of the cranial anatomy of the taxon, and did not attempt to discriminate autapomorphic features. Here we identify three features as potentially autapomorphic; however, like Zan et al. (2005) we limit our diagnosis to the cranial skeleton at present pending full study of the postcranial material.
DESCRIPTION
The holotype specimen (JLUM L0403-j-Zn2) of Changchunsaurus parvus is preserved in articulation in a grey to reddish sandstone block and comprises the skull, the axial column as far as the cranial end of the sacrum, and partial forelimbs and hind limbs. The skull is articulated ( Fig. 1 ) and nearly complete except for some damage at the rostral end-the right side of the skull is exposed in lateral view, the palate and part of the occiput are visible, and the left mandible and part of the left maxilla are exposed in medial view. Unfortunately, it is unlikely that the skull can be prepared further without endangering the stability of the specimen and so the morphology of the skull roof is largely unknown. A number of isolated cranial bones that may be referred to Changchunsaurus have been identified among the material excavated from the Quantou Formation at Liufangzi. The description of the skull is based primarily upon the holotype, supplemented as indicated with information from referred isolated elements. The holotype skull is dorsoventrally crushed, resulting in an elongate and low profile. Several elements have been displaced from their original articulations; notably the lacrimal has been displaced rostroventrally and the jugal/postorbital bar is broken. This distortion was not recognized in the original description, resulting in some differences in anatomical interpretations when compared to the present work.
Neurocentral sutures are visible and unfused in all of the cervical and dorsal vertebrae of the holotype that have this area exposed; together with the proportionally large orbit (maximum length is about 46% of premaxilla-quadrate skull length, although this has undoubtedly been exaggerated by the displacement of the lacrimal as a result of dorsoventral compression), this suggests subadult status.
The shape of the orbital margin of the holotype cannot be assessed because of the dorsoventral crushing and the lack of exposure of the skull roof. The infratemporal fenestra is large with an oval to slightly keyhole-shaped outline. Its rostroventral corner extends slightly beneath the caudal part of the orbit. The supratemporal fenestrae are not exposed. An external mandibular fenestra is absent from the lower jaw. , and dorsal (E) views, and close-up of right premaxillary alveoli 1-2 (F). Abbreviations: alv, alveolus; cppsl, caudal slit-like opening on premaxillary palate; dlgr, shallow groove for the dental lamina; exn, position of the external naris; fmrp, fossa for rostromedial processes of maxillae; for, foramen; pfo, premaxillary foramen; ppsl, slit-like opening on premaxillary palate (autapomorphic); refo, replacement foramen; repc, replacement crown; rpf, rostral premaxillary foramen; rplf, rostral palatal foramen; rug, rugose rostral margin of the premaxilla. Scale bars equal 10 mm (A-E) and 1 mm (F).
Measurements for the holotype skull were provided by Zan et al. (2005:table 1) . The maximum length of the skull as preserved (rostral tip of premaxilla to caudal margin of squamosal) is approximately 115 mm, with the premaxilla to quadrate length being about 95 mm. The preorbital length provided by Zan et al. (2005) appears to be a slight underestimate, with the length from the rostral tip of the premaxilla to the rostral margin of the palpebral being 49 mm. The measurements for the external antorbital fenestra provided by Zan et al. (2005) do not necessarily reflect its actual undistorted size; the size of the fossa cannot be assessed due to dorsoventral compression. Current measurements of the orbit may also not reflect the original dimensions.
Cranium
Premaxilla-The right premaxilla and part of the rostral end of the left premaxilla (comprising the replacement teeth for crowns FIGURE 3. JLUM L0403-j-Zn2, holotype skull of Changchunsaurus parvus from the Quantou Formation (Aptian-Cenomanian) of Jilin Province, China. Note that the lacrimal has been displaced rostroventrally and obscures the true size and morphology of the external antorbital fenestra, and that the ascending process of the maxilla and the caudolateral process of the premaxilla are damaged. A, preorbital region of skull in right lateral view; B, lacrimal and palpebral in right lateral view; C, close-up of rostral end of maxillary and dentary oral margins in right lateral view. Abbreviations: aof, external antorbital fenestra; be, buccal emargination; clpd, caudolateral process of predentary; fas, fragment of ascending process of maxilla; fl, laterally flaring rostral oral margin of maxilla; fna, fragment of nasal; fo, fossa on rostral margin of maxilla, adjacent to premaxilla/maxilla suture; lc, lacrimal; pd, predentary; plp, palpebral; pm, premaxilla; th, thickened and slightly rugose rostral oral margin of dentary. Scale bars equal 10 mm.
1 and 2 and a short section of the left premaxillary palate) of the holotype specimen has been removed from the sandstone block ( Fig. 2A, B ; the holotype premaxillae were figured in both their original articulation and in isolation by Zan et al. [2005: figs. 2, 4A, B]). A fragment of the caudomedial part of the right premaxillary palate and most of the left premaxilla are still preserved in articulation with the rest of the skull, although the latter is incompletely exposed. Only the main body of the premaxilla is exposed in the holotype-the nasal and caudolateral processes of the right premaxilla are both broken at their bases (whereas those of the left premaxilla are not exposed), although a small fragment of the right caudolateral process may be present adjacent to the right nasal. The ventrolateral margins of the premaxillae are damaged and incomplete. The referred premaxillae (JLUM L0204-Y-23; The main body of the premaxilla is subrectangular, being longer than high, with its dorsal margin formed by the external naris. Beneath the external naris the lateral surface slopes ventrolaterally; there is no distinct subnarial fossa. A clearly defined subnarial fossa is absent in many other small-bodied ornithischians, including Lesothosaurus (Sereno, 1991: fig. 6C ) and Hypsilophodon (Galton, 1974; NHM R197) . The lateral surface of the premaxilla is in general gently concave dorsoventrally; at the caudal end of the main body (beneath the caudal base of the caudolateral process and adjacent to the rostral end of the maxilla), the lateral surface is much more strongly concave. The views; E-H, JLUM L0204-Y-24, almost complete right dentary, dorsal view of rostral end (E), dorsal view of distal end (F), lateral view (G), and medial view (H). Abbreviations: be, buccal emargination; ber, ridge defining ventrolateral border of the buccal emargination; bev, beveled surface of the caudolateral process, which faces dorsolaterally; clpd, caudolateral process of predentary; cvpd, caudoventral process of predentary; dcnd, coronoid process of dentary; dfpd, dorsal articular facet for the predentary; dgr, groove extending rostromedially along the lateral surface of the caudal half of the dentary and onto the medial surface of the coronoid process; dsym, dentary symphyseal surface; efor, elliptical foramen positioned within buccal emargination of dentary; for, foramen; lav, last dentary alveolus, positioned medial to the base of the coronoid process; lgpd, groove on lateral surface of predentary; mdc, mandibular canal; pdgr, groove on dentary sutural surface for caudolateral process of predentary, which received a ridge on that process; refo, slit-like replacement foramina, connected to one another by shallow dental groove; spal, grooved sutural surface for the palatine; sspl, depressed surface for the splenial; th, thickened and slightly rugose rostral oral margin of dentary; vdr, ridge positioned ventrally on the dentary; vfpd, ventral articular facet for the predentary. Scale bars equal 10 mm.
rostral margin of the premaxilla is highly rugose: this rugosity is transversely expanded at the base of the nasal process, overhanging the rostroventral corner of the external naris. A number of foramina and deep pits pierce the rostral surface of this rugosity. A similar, exceptionally rugose rostral margin to the premaxilla that is pierced on its rostral surface by foramina is present in a number of small ornithischians, including Hypsilophodon (NHM R2477), Jeholosaurus (IVPP V15716), and Zephyrosaurus (Sues, 1980) . This surface likely acted as a site of attachment for a horny beak (rhamphotheca). The lateral surface of the rostral end of the premaxilla is also pierced by multiple foramina. A foramen is present in the depressed rostroventral corner of the external naris (the premaxillary foramen of Sereno [1991:fig. 6C]) and is partially obscured in lateral view by the above described rugosity: on the left side of the holotype and on both sides of JLUM L0204-Y-23, this appears to be a single opening, whereas on the right side of the holotype, there are clearly two small slit-like openings in an equivalent position. Another foramen is present on the rostroventral corner of the premaxilla (equivalent in position to the rostral premaxillary foramen of Sereno [1991: fig. 6C ]). These foramina may be connected to one another. In JLUM L0204-Y-23 (Fig. 2C) , two divergent grooves extend rostroventrally from the rostral premaxillary foramen of the right premaxillae. Foramina are present in similar positions on the rostrolateral surface of the premaxilla in many other small ornithischians, including Hypsilophodon (NHM R197, R2477), Jeholosaurus (IVPP V15716), Lesothosaurus (Sereno, 1991: fig. 6C ), and Zephyrosaurus (Sues, 1980: fig. 2 ). Sereno (1991) suggested FIGURE 5. JLUM L0403-j-Zn2, holotype skull of Changchunsaurus parvus from the Quantou Formation (Aptian-Cenomanian) of Jilin Province, China. Note the thickened boss on the orbital margin of the jugal; this boss is covered with low nodular ornamentation. A, right squamosal, dorsal quadrate, and postorbital in lateral view; B, right postorbital in lateral view; C, right quadrate, postorbital, jugal, and quadratojugal in lateral view. Abbreviations: adm, concavity for adductor musculature (M. adductor mandibulae superficialis); itf, infratemporal fenestra; j, jugal; jb, jugal boss; lwq, lateral wing of quadrate; orb, orbit; po, postorbital; pof, broken fragment of ventral process of postorbital; qdc, lateral condyle of quadrate; qdj, quadratojugal; qh, head of quadrate; sq, squamosal. Scale bars equal 10 mm. that this morphology was autapomorphic for Lesothosaurus, but it now appears to be widespread among basal and small-bodied ornithischians (see Butler, 2005) .
The median suture between the premaxillae of the holotype specimen is clearly visible in rostral or caudal view; however, in ventral view the premaxillae appear to be fused indistinguishably with one another at the rostral end of the palate, medial to the two most rostral premaxillary teeth (Fig. 2B, D) . Fusion of the premaxillae has been reported in Oryctodromeus and Zephyrosaurus, and has been interpreted as an adaptation to burrowing behavior (Varricchio et al., 2007) . Paired foramina are present on the premaxillary palate rostral to the first crown: in the referred specimen (JLUM L0204-Y-23; Fig. 2D ), there is an additional smaller foramen between these two, but this does not appear to be present in the holotype. Paired foramina on the rostral premaxillary palate are known in Lesothosaurus (Sereno, 1991: fig. 12D , apr), some ceratopsians (e.g., Archaeoceratops: IVPP V11114), pachycephalosaurs (e.g., Prenocephale: FIGURE 6. JLUM L0403-j-Zn2, holotype skull of Changchunsaurus parvus from the Quantou Formation (Aptian-Cenomanian) of Jilin Province, China. A, braincase and palatal articulation in ventral view; B, left palate in ventral view. Abbreviations: atic, intercentrum of atlas; bo, basioccipital; bok, midline keel on basioccipital; bpt, basipterygoid articulation; bsp, basisphenoid; btub, basal tubera; ectp, ectopterygoid; ex, exoccipital contribution to the occipital condyle; hy, hyoid; lmx, left maxilla; lptg, left pterygoid; mpt, mandibular ramus of pterygoid; occ, occipital condyle; pal, palatine; ppf, postpalatine foramen (suborbital foramen); qwpt, quadrate wing of pterygoid; rptg, right pterygoid. Scale bars equals 10 mm. FIGURE 7. JLUM L0403-j-Zn2, holotype skull of Changchunsaurus parvus from the Quantou Formation (Aptian-Cenomanian) of Jilin Province, China. A, predentary in right lateral view; B, predentary in ventral view. Abbreviations: bif, bifurcation of caudal margin of caudolateral process of the predentary; clpd, caudolateral process of predentary; cvpd, caudoventral process of predentary; lgpd, groove on lateral surface of predentary; rdf, rostral dentary foramen, continuous with the lateral groove on the predentary; sym, dentary symphysis, caudal to caudoventral process of the predentary; th, thickened and slightly rugose rostral oral margin of dentary. Scale bars equal 10 mm. FIGURE 8. JLUM L0403-j-Zn2, holotype skull of Changchunsaurus parvus from the Quantou Formation (Aptian-Cenomanian) of Jilin Province, China. Note the thickened and slightly rugose rostral oral margin of the dentary, a proposed autapomorphy of this taxon, which is continuous with a beveled surface on the predentary and that opposes the laterally flared rostral oral margin of the maxilla. A, right dentary and surrounding elements in lateral view; B, caudal part of right mandible and surrounding elements in lateral view; C, caudal part of right mandible and surrounding elements in ventral view, including right jugal (note lateral bowing of the jugal and the jugal boss). Abbreviations: ang, angular; art, articular; be, buccal emargination; clpd, caudolateral process of predentary; dcnd, coronoid process of dentary; de, dentary; efor, elliptical foramen positioned within buccal emargination of dentary; fl, laterally flaring rostral oral margin of maxilla; fo, fossa on rostral margin of maxilla, adjacent to premaxilla/maxilla suture; hy, hyoid; jb, jugal boss; lp, thickened lip of bone on surangular, rostrolateral to the glenoid articulation; qdc, lateral condyle of quadrate; rt, retroarticular process; pre, prearticular; sa, surangular; saf, foramen in lateral surface of surangular; spl, splenial; th, thickened and slightly rugose rostral oral margin of dentary. Scale bars equal 10 mm.
ZPAL MgD-I/104; Maryańska and Osmólska, 1974) , and Zephyrosaurus (Sues, 1980: fig. 2D ) and have been termed the rostral palatal foramina (Sereno, 1991) . In Lesothosaurus, Sereno (1991) suggested that the rostral premaxillary foramen and the rostral palatal foramen were connected to one another via a narrow canal; this was also suggested for pachycephalosaurs by Maryańska and Osmólska (1974) , and may have been the case in Changchunsaurus. More caudally the premaxillae are separated on the palatal surface of Changchunsaurus by a slit-like incisive foramen that extends medial to premaxillary crowns 3 and 4. A foramen is present on the palatal surface lateral to this and medial to crown 3. The presence of an incisive foramen in the center of the palate with foramina positioned lateral to it appears to be autapomorphic for Changchunsaurus; it is unknown in other ornithischian taxa, including the basal ornithischians Lesothosaurus (Sereno, 1991) and Agilisaurus (ZDM T6011), the basal ornithopods Bugenasaura (Galton, 1999) , Hypsilophodon (Galton, 1974 ; NHM R197), and Zephyrosaurus (Sues, 1980) , the basal ceratopsians Archaeoceratops (IVPP V11114) and Liaoceratops (IVPP V12738), and pachycephalosaurs (Maryańska and Osmólska, 1974; Sues and Galton, 1987) . A midline opening is present in the premaxillary palate of the ceratopsians Psittacosaurus major, Psittacosaurus lujiatunensis, and Hongshanosaurus, but differs from that of Changchunsaurus in that it extends for the entire length of the palate (You and Xu, 2005; Zhou et al., 2006; You et al., 2008) rather than being limited in extent, and lacks foramina positioned lateral to it.
In JLUM L0204-Y-23, there is an additional slit-like opening between the premaxillae medial to crowns 4 and 5; this is separated from the more rostrally situated incisive foramen by a small bony midline connection between the premaxillae. In general, the premaxillary palate is nearly horizontally oriented and narrow rostrally, and expands in width and becomes gently arched towards its caudal end; it extends caudal to the last premaxillary tooth. This differs from the premaxillary palate of ceratopsians, which is strongly arched dorsally (Sereno, 1986 (Sereno, , 1999 (Sereno, , 2000 . In the holotype specimen of Changchunsaurus, the caudal contact of the premaxillary palate with the maxilla/vomers is exposed: it is very similar to that reconstructed for Lesothosaurus by Sereno (1991: fig. 12D ), with the footplate of the vomers contacting the premaxillae along the midline, and the rostromedial process of FIGURE 9. JLUM L0403-j-Zn2, holotype skull of Changchunsaurus parvus from the Quantou Formation (Aptian-Cenomanian) of Jilin Province, China. A, left dentary and splenial in medial view; B, caudal end of left mandible in medial view. Abbreviations: addfo, adductor fossa; ang, angular; art, articular; cnd, strap-like coronoid bone; de, dentary; ectp, ectopterygoid; fk, forked caudal process of splenial; for, foramen; pre, prearticular; qdc, medial condyle of quadrate; refo, slit-like replacement foramina, connected to one another by shallow dental groove; spl, splenial. Scale bars equal 10 mm. the maxillae extending dorsal to the premaxillary palate (see below). The premaxillae appear to have made a small contribution to the rostral margin of the internal nares, and the rostromedial processes of the maxillae do not contact one another along the midline. The presence or absence of a premaxillary contribution to the rostral margin of the internal nares is unfortunately unknown in many ornithischians, but the absence of a contribution has been cited as a synapomorphy of Marginocephalia (Sereno, 1986 (Sereno, , 1999 (Sereno, , 2000 Butler et al., 2008) and results from an extensive midline contact between the rostromedial processes of the maxillae (e.g.,
As preserved, the caudolateral process of JLUM L0204-Y-23 has subparallel rostral and caudal margins, but the process is incomplete at its distal end and the presence/absence of contact between it and the lacrimal cannot be determined (contra Zan et al., 2005) . Between the bases of the caudolateral processes, a fossa, which accommodated the rostromedial processes of the maxilla, is visible in dorsal view. Multiple grooves and foramina are visible within this fossa. The premaxilla and maxilla of the holotype were positioned on the same level (i.e., the oral margin of the premaxilla is not offset ventrally relative to that of the maxilla). A ventral deflection of the oral margin of the premaxilla relative to that of the maxilla has been cited as a synapomorphy of Ornithopoda (Sereno, 1986 (Sereno, , 1999 ; however, the premaxilla is not offset ventrally in the supposed basal ornithopods Jeholosaurus (IVPP V12529), Orodromeus (MOR 1141), or Zephyrosaurus (Sues, 1980: fig. 16 ).
Maxilla-The rostrocaudally elongate right maxilla of the holotype is exposed in lateral view (Fig. 3A, C) , whereas the left maxilla is partially exposed in medial view. Dorsoventral crushing of the skull and the rostroventral displacement of the lacrimal mean that the ascending process and the external antorbital fenestra (sensu Witmer, 1997) are not well exposed, and the latter is still infilled with sediment. Approximately 15-16 maxillary teeth were present in the holotype right maxilla: crowns are present in positions 5-13, but alveoli 1-4 and 14-15 are empty, and an additional alveolus may have been present caudal to 15 but is obscured by the coronoid process of the right dentary. Eleven crowns and one empty alveolus are visible in the left maxilla, with the rostral end of the tooth row obscured by the right mandible. The teeth are inset along a well-developed buccal emargination, which is dorsally limited by a sharp ridge that extends rostrally from the ventral margin of the jugal. Rostrally, this ridge becomes progressively more weakly expressed and the buccal emargination consequently decreases in width; the ridge and emargination are essentially absent above the rostral four teeth. The tooth row is straight in ventral or lateral view; however, at the rostral end it flares out slightly laterally (Fig. 3C) , with this lateral flaring matching the position of the thickened rostral end of the dentary (see below). A short edentulous region (equal in length to the mesiodistal length of the first two maxillary crowns) is present at the front of the maxilla; therefore, a short diastema separated the maxillary and premaxillary tooth rows (Zan et al., 2005) .
Within the buccal emargination the lateral surface of the maxilla is concave dorsoventrally. There are three large elliptical FIGURE 10. Dental morphology of specimens referred to Changchunsaurus parvus, from the Quantou Formation (Aptian-Cenomanian) of Jilin Province, China (A-D, JLUM L0204-Y-092i, caudal left maxilla; E-F, JLUM L0204-Y-091i, caudal right maxilla; G, H, JLUM L0204-Y-24, almost complete right dentary). A, maxillary crowns 6-9 (as preserved, rostral part of element is missing), labial view; B, maxillary crowns 6-9, occlusal view (rostral is to the right of the image); C, maxillary crowns 6-9, lingual view; D, unerupted maxillary crown 11, labial view; E, maxillary crowns 1-5 (as preserved, rostral part of element is missing), labial view; F, maxillary crowns 2-4, lingual view; G, dentary crowns 6-8, lingual view; H, dentary crowns 6-8, labial view. Scale bars equal 2 mm (A-C, E-G) and 1 mm (D).
foramina within the emargination that communicate with the antorbital fossa. The first of these foramina is positioned above crown 7, the second above crowns 10-11, and the third is positioned above alveolus 14. At the rostral end of the maxilla, above alveoli 1-5, there are several much smaller foramina aligned in a row. At the rostral end of the maxilla, adjacent to the premaxilla and dorsal to the laterally flared oral margin described above, a fossa is situated low on the premaxilla/maxilla boundary, although its margins are poorly defined due to the damage present in this area. A similar fossa is present in Hypsilophodon (Galton, 1974 ; NHM R197), Jeholosaurus (Xu et al., 2000 ; IVPP V12529), and Orodromeus (MOR 1141), and was identified as a synapomorphy of Ornithopoda by Butler et al. (2008) .
The lateral surface of the maxilla is gently concave dorsoventrally between the buccal ridge and the ventral margin of the external antorbital fenestra. The distance between the buccal emargination and the ventral margin of the external antorbital fenestra is much greater than that in Jeholosaurus (IVPP V15716, V15718). This broad surface may indicate that the external antorbital fenestra was relatively small; however, the outline of the external antorbital fenestra and the morphology of the ascending process are not exposed or preserved in any specimen. JLUM L0204-Y-092i (Fig. 4A, B) is an incomplete isolated left maxilla: it demonstrates that most of the main body of the maxilla was comprised by two laminae separated by the antorbital fossa. The lateral lamina formed the surface of the buccal emargination and the ventral margin of the external antorbital fenestra and was pierced by the large foramina described above; the medial lamina formed the medial wall of the antorbital fossa.
The contacts of the maxilla with the caudolateral process of the premaxilla and with the nasals are uncertain, as is the nature of the contact within the lacrimal, because that element has been displaced rostroventrally by the dorsoventral compression of the skull. The contact with the jugal slopes caudoventrally, and is positioned slightly rostral to that depicted by Zan et al. (2005: fig.  2 ). On its medial surface, the maxilla was overlapped extensively dorsal to the caudal tooth row (above the last 4-6 crowns) by the palatine; in isolated maxillae (JLUM L0204-Y-091i; JLUM L0204-Y-092i: Fig. 4A, B) there is a broad depressed area covered with low rostrocaudally extending fine ridges that represents the articular surface for the palatine. The ectopterygoid overlaps the maxilla caudolaterally at its caudal end.
Lacrimal-The right lacrimal of the holotype has been displaced rostroventrally by dorsoventral crushing (Fig. 3A, B) , such that it obscures much of the antorbital fossa in lateral view, and its dorsal articular surface for the prefrontal is visible. The lacrimal has a subtriangular outline in lateral view, and formed the rostroventral margin of the orbit and the caudodorsal margin of the antorbital fossa. The lateral surface of the lacrimal is very gently concave rostrocaudally adjacent to the antorbital fossa. The caudodorsal corner of the bone is rugose, representing the site of attachment for the palpebral. There is no canal on the lateral surface of the lacrimal, and the lacrimal foramen, which would have been situated on the caudal surface of the element within the orbital margin, is not exposed. A very small nutrient foramen is present on the caudoventral corner of the lateral surface of the bone. Unfortunately the displacement of the lacrimal means that the nature of the maxilla/lacrimal/jugal contact cannot be determined, and thus it is unclear whether the jugal contributed to the margin of the external antorbital fenestra.
Jugal-The jugal (Figs. 1, 5C ) is composed of three rami and, as in Jeholosaurus (IVPP V12529), is bowed outwards quite strongly along its length. As a result of this the rostral ramus faces rostrolaterally, whereas the caudal ramus faces caudolaterally, although there is no distinct ridge or break-in-slope separating these rostro-and caudolaterally facing surfaces. Lateral bowing of the jugal is also present in basal ceratopsians (e.g., Archaeoceratops [IVPP V11114], Chaoyangsaurus [IGCAGS V371], and Yinlong [IVPP V14530 ), and in almost all ceratopsians (with the exception of Chaoyangsaurus [IGCAGS V371]) this is combined with the presence of a distinct ridge that descends from the jugal-postorbital bar (e.g., Sereno, 2000:fig. 25 .5) and divides the lateral surface of the jugal into rostral and caudal surfaces. The rostral ramus of the jugal of Changchunsaurus extends underneath the orbit and contacts the lacrimal and maxilla. It has subparallel dorsal and ventral margins beneath the orbit, but then tapers in dorsoventral height above the contact with the maxilla. Its lateral surface is flat beneath the orbit but more rostrally becomes dorsoventrally concave. Two small foramina are present on the lateral surface of the rostral ramus. As noted above, the nature of the jugal/lacrimal contact is uncertain.
Dorsoventral crushing of the skull has broken the jugal/postorbital bar: the ventral margin of the postorbital is broken, with a small part of it preserved separately along the rostral margin of the dorsal process of the jugal (this was identified as part of the jugal by Zan et al. [2005: fig. 2]) . The complete height of the dorsal process of the jugal, and the nature of the jugal/postorbital contact, is therefore difficult to gauge. At the junction between the rostral and dorsal rami, the lateral surface of the orbital margin is thickened into a laterally projecting bosslike structure. This boss has a node-like rugose surface texture (referred to as a "nubble structure" by Zan et al. [2005:192] ); however, the rest of the jugal has a smooth lateral surface and lacks rugosities. Similar nodular ornamentation occurs on the jugal in marginocephalians, including basal ceratopsians (e. Xu et al., 2006] ) and pachycephalosaurs (e.g., Maryańska and Osmólska, 1974; Sereno, 2000; Butler and Zhao, 2009) . However, in all of these taxa the nodes are distributed over a much greater extent of the lateral surface of the jugal, and are not limited to a discrete region on the orbital margin. In Jeholosaurus, nodular ornamentation is present in larger individuals and appears to be under ontogenetic control (P. M. Barrett, pers. comm., 2008) ; it is therefore possible that the limited distribution of the nodular ornamentation on the jugal of Changchunsaurus is a result of the subadult status of the holotype specimen. Nodular ornamentation on the jugal is generally absent in ornithopods. A discrete jugal boss is present in several other taxa: in Heterodontosaurus (SAM-PK-K337, K1332), a discrete caudolaterally projecting boss is present in an equivalent position on the caudoventral orbital margin, but has a smooth, not nodular, surface texture. A nearly identical jugal boss to that seen in Heterodontosaurus is present in Orodromeus (Scheetz, 1999) and Zephyrosaurus (MCZ 4392: Sues, 1980) . In all three of these taxa the boss is considerably larger than in Changchunsaurus, and projects caudolaterally rather than laterally. A 'jugal horn' that has often been considered as possibly homologous with the 'jugal boss' of Heterodontosaurus (e.g., Cooper, 1985; Olshevsky, 1991; Weishampel and Heinrich, 1992; You et al., 2003) is present in psittacosaurs and some basal ceratopsians (e.g., Archaeoceratops [IVPP V11114], Psittacosaurus [Sereno, 2000] ); this 'horn' is located on the ventral margin of the jugal, caudal to the jugal/postorbital bar. The 'horn' is associated with the broad lateral expansion of the jugal and descending ridge discussed above. In light of the significant structural differences, the homology of the jugal 'boss' seen in Changchunsaurus, Heterodontosaurus, Orodromeus, and Zephyrosaurus with the jugal 'horn' of basal ceratopsians is questionable.
The caudal ramus of the jugal forms the entire ventral margin of the infratemporal fenestra and expands dorsoventrally towards its caudal end. The lateral surface of the caudal ramus is gently convex dorsoventrally. It is broken caudoventrally and the nature of its contact with the quadratojugal cannot be determined with certainty. We figure it here (Fig. 1) as possibly bifurcate; there is a very slightly depressed area on the rostroventral margin of the quadratojugal that may have been overlapped by the jugal. A bifurcated caudal ramus of the jugal is present in basal ornithischians (e.g., Emausaurus [Haubold, 1990: fig.  2 ], Lesothosaurus [Sereno, 1991: fig. 12 ], Scelidosaurus [NHM R1111]), Jeholosaurus (IVPP V12530), and psittacosaurs (e.g., Sereno, 2000: fig. 25 .5), but is absent in Agilisaurus (ZDM T6011: Peng, 1992; Barrett et al. 2005 ) and many basal cerapodans, including Hypsilophodon (Galton, 1974) , pachycephalosaurs (e.g., Sereno, 2000) , and the basal ceratopsians Archaeoceratops (IVPP V11114), Chaoyangsaurus (IGCAGS V371: Zhao et al., 1999) , Liaoceratops (IVPP V12738: Xu et al., 2002) , and Yinlong (IVPP V14530: Xu et al. 2006) . Nasal/Frontal/Prefrontal/Parietal-The nasals, frontals, and prefrontals are present but are too incompletely exposed in the holotype to be described in detail. A shallow midline depression appears to be present on the nasals (Zan et al., 2005) , as also occurs in the basal ornithischian Heterodontosaurus (SAM-PK-K1332), the basal neornithischians Agilisaurus (ZDM T6011) and Hexinlusaurus (ZDM T6001), Jeholosaurus (Xu et al., 2000) , and the basal ceratopsian Yinlong . The nasal is too incompletely exposed to adequately assess the presence/absence of foramina on its dorsal surface; foramina are present on the nasal of Jeholosaurus (Xu et al., 2000) . The parietals are not exposed in the holotype specimen of Changchunsaurus.
Quadratojugal-The right quadratojugal is well preserved in the holotype (Fig. 5C ) and forms a small portion of the caudoventral margin of the infratemporal fenestra. It is a broad subtriangular and transversely compressed bone that extensively overlaps the rostroventral margin of the quadrate and has a concave lateral surface. There is no trace of a quadratojugal foramen on the lateral surface of the quadratojugal. A large subcircular foramen pierces the center of the quadratojugal in Hypsilophodon (NHM R197; Galton, 1974) , Jeholosaurus (Xu et al., 2000) , and Tenontosaurus (Winkler et al., 1997) , but is absent in other basal ornithischians and basal cerapodans. A very small foramen pierces the quadratojugal in Gasparinisaura (Coria and Salgado, 1996) . Caudoventrally, the quadratojugal of Changchunsaurus extends very close to the quadrate condyles. This is similar to the condition in most basal cerapodans (e.g., Hypsilophodon [NHM R197; Galton, 1974] , Jeholosaurus [IVPP V12529], Orodromeus [Scheetz, 1999] , Psittacosaurus [Sereno, 1987] , Yinlong [IVPP V14530]), but differs from the condition in many ornithopods in which the dorsoventral extent of the quadratojugal is reduced and the ventral margin does not approach the quadrate condyles (e.g., Gasparinisaura [Coria and Salgado, 1996] , Zalmoxes [Weishampel et al., 2003] ). Dorsally the quadratojugal of Changchunsaurus is widely separated from the rostroventral process of the squamosal by the quadrate.
Postorbital-The right postorbital (Fig. 5B ) is partially exposed in lateral view only, but appears to have been a triradiate element composed of rostral, caudal, and ventral processes. Its lateral surface is gently concave rostrocaudally and lacks any ornamentation or rugosities. Nodular ornamentation is present on the postorbital in Jeholosaurus (P. M. Barrett, pers. comm., 2008) , some basal ceratopsians (e.g., Archaeoceratops [IVPP V11114] and Yinlong [IVPP V14530; Xu et al., 2006] ), and pachycephalosaurs (e.g., Maryańska and Osmólska, 1974; Sereno, 2000; Butler and Zhao, 2009 ). The tapering ventral process terminates into a bluntly broken end-this has been broken by dorsoventral compression and much of the process is probably missing or not exposed. The rostral process of the postorbital is not exposed, whereas the caudal squamosal ramus is a deep, transversely flattened sheet that overlapped the squamosal: this contact is not clearly exposed with both elements having been displaced from their original articulation.
Squamosal-The squamosal (Fig. 5A) consists of a main body from which rostral, rostroventral, medial, and caudoventral processes project. The caudoventral process is broken at its base, whereas the medial process is incompletely exposed. The rostroventral process is very short. The elongate rostral process articulates with the postorbital, although the nature of this articulation is unclear due to displacement of both elements. On the lateral surface of the main body of the squamosal and the rostral process, there is a well-developed concavity for the adductor musculature (M. adductor mandibulae superficialis) that is limited dorsally by a prominent rostrocaudally extending ridge. There is no development of a squamosal frill, unlike the condition in all marginocephalians (Sereno, 1986 (Sereno, , 1999 (Sereno, , 2000 Xu et al., 2006; Butler et al., 2008) .
Palpebral-The right palpebral of the holotype is present, but only the base of the element is preserved. The base of the palpebral was slightly expanded dorsoventrally, and articulated with the lacrimal; it is unclear whether it articulated with the prefrontal. It is not possible to determine whether the palpebral was rod-like (as in Jeholosaurus: P. M. Barrett, pers. comm., 2008) or transversely expanded and plate-like (as in Zephyrosaurus: Sues, 1980) .
Palatoquadrate
Quadrate-In the holotype, the right quadrate is exposed in lateral view (Fig. 5A, C) and the left quadrate is partially exposed in medial view. The quadrate forms most of the caudal margin of the infratemporal fenestra. As described by Zan et al. (2005) , the dorsal third of the quadrate is distinctly curved backwards in lateral view, so that its dorsal articulation with the squamosal is located caudal to the level of the quadrate condyles. This curvature is apparently not the result of postmortem deformation. The head of the quadrate is rounded in lateral view and is not offset from the shaft. The lateral wing of the quadrate is well developed and is concave rostrocaudally, with a thickened rostral margin. There is a low boss on the rostral margin of the quadrate head, adjacent to the rostroventral process of the squamosal. Ventrally, the lateral condyle is partially exposed on the right quadrate; the medial condyle is exposed on the left quadrate: the condyles appear to be approximately subequal in size. The quadrate condyles are set ventrally below the level of the maxillary tooth row. The ventral offset of the quadrate condyles has been cited as an ornithopod synapomorphy (Sereno, 1986 (Sereno, , 1999 ; however, virtually all ornithischians, including basal forms such as Lesothosaurus (Norman et al., 2004) , have an at least slightly ventrally offset jaw articulation, and the ventral offset seen in pachycephalosaurs (e.g., Prenocephale [ZPAL MgD-I/104]; Sereno, 2000) is similar to that seen in basal ornithopods, so this proposed synapomorphy is questionable.
The presence or absence of a paraquadrate foramen between the quadrate and the quadratojugal cannot be determined with certainty (contra Zan et al., 2005) . The pterygoid wing of the quadrate is a dorsoventrally deep flange that laterally overlapped the quadratic ramus of the pterygoid. Its medial surface is depressed and rostrocaudally concave relative to the quadrate shaft, but there is no distinct fossa.
Pterygoid-The left pterygoid is well exposed in ventral view in the holotype (Fig. 6B) , and part of the right pterygoid is also visible. The pterygoid is composed of palatal, quadrate, and mandibular rami. The palatal ramus projects rostrally from the basipterygoid articulation and as exposed forms a horizontal sheet. The caudal part of this sheet (between the basipterygoid and palatine articulations) has a subrectangular outline and a flat ventral surface; more rostrally it tapers in transverse width. Its rostral contacts are unknown. The palatal ramus is separated from its opposite by a narrow, slot-like interpterygoid vacuity. Rostrolaterally it is overlapped on its dorsal surface by the palatine. The mandibular ramus extends ventrolaterally from the caudolateral base of the palatal ramus as a subquadrate flange, the dorsal surface of which contacted the ectopterygoid. The quadrate ramus is a vertical sheet that expands in dorsoventral height as it extends caudolaterally, and which medially forms an extensive overlap with the pterygoid wing of the quadrate. The ventral margin of the quadrate ramus is transversely thickened into a low ridge. The articulation with the basipterygoid processes of the basisphenoid is poorly exposed; however, paired cup-like articular surfaces appear to be present on the caudodorsal surface of the pterygoid at the point of convergence of the palatal, quadrate, and mandibular rami.
Palatine-The left palatine is exposed in ventral view (Fig.  6B) , and formed a broad contact with the dorsal surface of the palatal ramus of the pterygoid. It is a sheet-like element that arches laterally and ventrally and contacts the medial surface of the maxilla dorsal to the caudal tooth row. Its rostral margin is not exposed, so its contacts with the vomer are unknown. It does not contact the ectopterygoid. A small subcircular postpalatine or suborbital foramen is present between the pterygoid medially, the palatine rostrally, the maxilla laterally, and the ectopterygoid caudally.
Ectopterygoid-The left ectopterygoid is partially exposed in ventral view (Fig. 6B) . It contacts the dorsal surface of the mandibular ramus of the pterygoid along its entire length, as well as the dorsal surface of the caudal part of the palatal ramus of the pterygoid. A bar-like lateral process of the ectopterygoid extends rostrodorsally and contacts the caudolateral surface of the maxilla, caudal to the termination of the tooth row. It is not possible to determine whether contact is also made with the jugal. The ectopterygoid forms the caudal margin of the postpalatine foramen.
Braincase
Basioccipital-The basioccipital of the holotype is visible in ventral view only (Fig. 6A) . The basioccipal forms the ventral margin of the foramen magnum and most of the occipital condyle. The basioccipital contribution to the occipital condyle has a subelliptical outline in caudal view, and is convex transversely and dorsoventrally. Rostral to the condyle the basioccipital is constricted dorsoventrally to form the condylar neck, and rostral to this the basioccipital expands transversely and dorsoventrally to form the caudal part of the basal tubera. Ventrally, the basioccipital bears a very well-developed, transversely compressed, sheetlike midline keel, which begins immediately caudal to the basal tubera and that terminates rostral to the condylar neck. A similar sheet-like keel is present in Jeholosaurus (IVPP V12529), Hypsilophodon (Galton, 1974) , Orodromeus (Scheetz, 1999), pachycephalosaurs (e.g., Prenocephale [ZPAL MgD-I/104]; Maryańska and Osmólska, 1974; Sues and Galton, 1987) , and Zephyrosaurus (MCZ 4392: Sues, 1980: fig. 15A ). In the basal ceratopsians Archaeoceratops (IVPP V11114), Liaoceratops (IVPP V12738), and Yinlong (IVPP V14530), a low midline ridge is present on the basioccipital but it is not developed into a distinct transversely compressed keel.
Basisphenoid-The basisphenoid of the holotype is only exposed in ventral view (Fig. 6A) , and is largely obscured by other elements (e.g., the ceratobranchial) and sediment. It is closely similar in rostrocaudal length to the basioccipital, and has an hourglass shape in ventral view. Caudally it is expanded transversely to form the rostral part of the basal tubera, which take the form of a rostrocaudally compressed transverse sheet, with a weak midline notch. The rostrocaudal compression of the basal tubera does not approach that seen in pachycephalosaurs, in which the tubera are vertically oriented plate-like structures (e.g., Prenocephale [ZPAL MgD-I/104]; Maryańska and Osmólska, 1974; Sues and Galton, 1987) . Rostral to the basal tubera the basisphenoid contracts transversely to form the main body of the element. The ventral surface of the main body is deeply concave transversely. Rostrally the element expands again to form the basipterygoid processes that extend rostroventrally and laterally and contact the pterygoid distally; these processes are much more vertically oriented in Jeholosaurus (IVPP V15718).
Exoccipital/Opisthotic-The exoccipital and opisthotic cannot be distinguished from one another; the right exoccipital/opisthotic is damaged and the paroccipital process broken, whereas the left exoccipital/opisthotic is very incompletely exposed. Only a limited amount of information is therefore available. The exoccipital portion of the ossification forms the convex dorsolateral corner of the occipital condyle and the lateral margin of the foramen magnum. Several depressions and ridges are visible on the lateral surface, but the cranial nerve foramina are not currently exposed. Dorsolaterally the opisthotic formed the laterally extending paroccipital process; this process is badly damaged and incompletely exposed, and so it is not possible to determine whether or not it was pendent (contra Zan et al., 2005) or the presence/absence of the posttemporal foramen.
Supraoccipital-The supraoccipital forms the dorsal margin of the foramen magnum, but is very poorly exposed and no details of its morphology can be ascertained.
Lower Jaw and Hyoid Apparatus
Predentary-The predentary is exposed in ventral and right lateral views in the holotype (Fig. 7) . A well-preserved isolated predentary (JLUM L0204-Y-24q; Fig. 4C, D) is also present (it was erroneously figured in articulation with JLUM L0204-Y-24, a right dentary, in Zan et al. [2003: fig. 1]) . The predentary is an elongate arrow-shaped element that tapers rostrally to a very sharp point and possesses well-developed caudolateral processes and a median caudoventral process. The rostral end of the predentary is slightly upturned. A sharply pointed and upturned rostral margin is also present in Jeholosaurus (Xu et al., 2000) and the basal ceratopsian Archaeoceratops (IVPP V11114); by contrast, the rostral margin is rounded in ventral view in Hypsilophodon (NHM R2470; Galton, 1974) and the basal ceratopsians Liaoceratops (IVPP V12738), Psittacosaurus (Sereno, 1987) , and Yinlong (IVPP V14530).
The caudolateral processes extend close to the first dentary tooth, being separated from it by the width of a single crown. The caudolateral processes end in opposition with the short diastema at the front of the maxilla, so although the predentary slightly exceeds the premaxilla in length, it did not occlude with the maxillary crowns. The dorsal surface of the caudolateral process is beveled and faces dorsolaterally rather than simply dorsally. Dorsolaterally facing beveled surfaces of the caudolateral process are present in basal ceratopsians (e.g., Archaeoceratop [IVPP V11114], Yamaceratops [Makovicky and Norell, 2006] , and Yinlong ) but are absent in other ornithischians (e.g.,
Between these beveled processes, the main body of the predentary is covered by a triangular concavity in dorsal view, which expands in transverse width caudally. Foramina are present within this concavity, immediately medial to the beveled surface: on the right side there appear to be two distinct but co-joined foramina, whereas on the left side there appears to be just a single elliptical foramen. A narrow, but deep horizontal sulcus runs along the lateral margin of the predentary, separating the lateral and ventral processes. This groove widens dorsoventrally caudally to connect to an elliptical foramen on the dentary adjacent to the junction between the predentary and the dentary. A similar welldeveloped sulcus is present in Jeholosaurus (IVPP V12529) and Hypsilophodon (Galton, 1974 ; NHM R2470), but is absent in most other ornithischians, including basal ceratopsians (e.g., Archaeoceratops
The caudoventral process of the predentary is much longer than the caudolateral processes (approximately 150% of the length of the latter). A similar condition is seen in Jeholosaurus (Xu et al., 2000) , the basal ornithischian Lesothosaurus (Sereno, 1991) , and basal ceratopsians (e.g., Archaeoceratops [IVPP V11114], Yinlong [IVPP V14530]). The caudoventral process appears to be relatively short in Hypsilophodon (Naish and Martill, 2001:pl. 4, figs. 7, 8) .
The ventral margin of the caudoventral process is transversely convex. In ventral view the caudoventral process expands transversely towards its distal end. It extensively overlaps the inturned rostroventral margins of the dentary and is weakly bifurcate at its distal end. A bifurcate caudoventral process is present in basal ceratopsians (e.g., Archaeoceratops [IVPP V11114], Chaoyangsaurus [Zhao et al, 1999] , Psittacosaurus [Sereno, 1987] , Yinlong [IVPP V14530]). The predentary is unknown in pachycephalosaurs and many basal ornithopods; however, the caudoventral process is bifurcate in Hypsilophodon (Naish and Martill, 2001:pl. 4, figs. 7, 8) and iguanodontians such as Zalmoxes (Weishampel et al., 2003) . A unilobate caudoventral process is present in the basal ornithischian Lesothosaurus (Sereno, 1991) and probably in Jeholosaurus in which there is no sign of incipient bifurcation in any preserved predentary (P. M. Barrett, pers. comm., 2008) .
Dentary-The right dentary of the holotype is well exposed in lateral view (Fig. 8A) , with the left dentary partially exposed in medial view (Fig 9A) . JLUM L0204-Y-24 is a wellpreserved right dentary belonging to an individual of much smaller size (Fig. 4E-H) ; other fragmentary dentary material includes JLUM L0204-Y-094i and JLUM L0204-Y-093i. The dentary is a robust element with subparallel dorsal and ventral margins along most of its length and a slightly downturned rostral end. In dorsal view the tooth row curves laterally at its rostral end, matching the lateral curvature of the maxillary tooth row. The dorsal part of the lateral surface of the dentary forms a well-developed buccal emargination, limited ventrally by a low ridge and rostrally, at the level of the first three dentary alveoli, all of which are unfortunately empty, by a rugose thickening of the rostrodorsal margin of the dentary. This latter rugose thickening is continuous with the beveled surface of the caudolateral process of the predentary and appears to be autapomorphic for Changchunsaurus; it is unknown in other basal ornithischian and basal cerapodan taxa, including Agilisaurus (ZDM T6011) and Jeholosaurus (IVPP V12530, V15717, V15718), the basal ornithopods Bugenasaura (Galton, 1997) , Hypsilophodon (Galton, 1974) , Orodromeus (Scheetz, 1999) , and Thescelosaurus (Galton, 1997) , the basal ceratopsians Archaeoceratops (IVPP V11114), Chaoyangsaurus (Zhao et al, 1999) , Psittacosaurus (Sereno, 1987) , and Yinlong (IVPP V14530), and pachycephalosaurs (Maryańska and Osmólska, 1974; Sues and Galton, 1987; Butler and Zhao, 2009 ).
The dorsoventral height and transverse width of the buccal emargination remain approximately constant along its length. Within the buccal emargination the lateral surface is concave dorsoventrally. Ventral to the ridge demarcating the buccal emargination a second low ridge is present (JLUM L0204-Y-24). This ridge begins at the caudal margin of the dentary, at a point equal to a third of the height of the element, and extends rostrally and slightly dorsally, converging upon the ridge demarcating the buccal emargination and fading out beneath the second dentary crown. Between these two ridges the lateral surface of the dentary is flat (rostrally) to gently concave (caudally). Beneath the second ridge the lateroventral surface of the dentary is convex dorsoventrally.
Immediately ventral and adjacent to the tooth row, an unusual horizontal groove extends rostromedially along the lateral surface of the caudal half of the dentary; this groove continues caudally medial to the coronoid process. This groove appears to be autapomorphic for Changchunsaurus; it is unknown in other basal ornithischian and basal cerapodan taxa.
Numerous foramina perforate the lateral surface of the dentary. A large elliptical foramen, particularly well developed in JLUM L0204-Y-24, is located within the buccal emargination, just caudal to the midlength of the dentary.
The number of dentary teeth cannot be ascertained in the holotype specimen because they are obscured by the overlying maxillae, but 15 teeth appear to have been present in JLUM L0204-Y-24. Most of these are now missing, with crowns retained in alveoli 6-9 and 11-12. As discussed above, there is a very short edentulous region rostral to the first alveolus. The three alveoli that are positioned medial to this thickening are all subequal in size, and are broader in transverse width than the succeeding alveoli. Welldeveloped slit-like replacement foramina, one per alveolus, are present medially, forming a continuous curved line at the base of the tooth row. The replacement foramina are connected to one another by a shallow groove for the dental lamina.
The coronoid process of the dentary is high and stout and slopes caudodorsally, forming the rostrodorsal margin of the coronoid eminence. The coronoid process is offset very slightly lateral to the tooth row by the above-mentioned groove and the last dentary tooth is positioned medial to the base of the process. Ventral to the coronoid process the exact morphology of the contacts with the surangular and angular is uncertain due to damage of the surface of the bone in the holotype.
The rostral border of the dentary forms a complex articulation with the predentary. The rostral end of the dentary terminates in a blunt rostrally projecting process, limited dorsally and ventrally by facets for articulation with the predentary. A rostrally opening foramen is present on the lateral surface of the distal end of this rostral process, and is continuous with the caudal end of the sulcus separating the caudolateral and caudoventral processes of the predentary. The ventral facet, which articulated with the caudoventral process of the predentary, faces ventrolaterally, is longer than the dorsal facet, and extends to the ventral border of the dentary. The dentary symphyseal surface extends medial to this facet. The dorsal articular facet faces rostrally and slightly medially, and possesses a midline groove that articulates with a low narrow ridge on the predentary. Caudal to the facet for the caudoventral process of the predentary, the inturned ventral border of each dentary is extended into a short process, directed rostromedially, that together form an additional short symphysis immediately caudal to the distal end of the caudoventral process of the predentary.
The medial surface of the dentary (JLUM L0204-Y-24) bears a well-defined mandibular groove that expands in dorsoventral depth caudally. There is a well-defined, depressed articular surface for the splenial.
Surangular-The right surangular of the holotype is exposed in lateral view (Fig. 8B) , although its dorsal margin is obscured by the jugal/quadratojugal bar, whereas the left surangular is partially exposed in medial view (Fig. 9B) . The surangular forms the caudodorsal margin of the well-developed coronoid eminence and approximately half of the height of the mandible caudal to the dentary, although the rostral part of the surangular/angular suture is difficult to trace. A small foramen appears to be present on the lateral surface of the surangular adjacent to the apex of the coronoid process of the dentary, as is often present in other ornithischians (e.g., Hypsilophodon: Galton, 1974) . The lateral surface of the surangular is flat to slightly convex dorsoventrally. There is no rostrocaudally extending ridge on the lateral surface of the surangular, in contrast to the condition in some basal ceratopsians (e.g., Archaeoceratops: IVPP V11114). Nodular ornamentation is absent from the surangular (and from the angular and dentary), in contrast to the condition often seen in marginocephalians including basal ceratopsians (e.g., Archaeoceratops Xuanhuaceratops [IVPP 12722; Zhao et al., 2006] , and Yinlong [IVPP V14530; Xu et al., 2006] ) and pachycephalosaurs (e.g., Maryańska and Osmólska, 1974; Sereno, 2000; Butler and Zhao, 2009) . Medially, the surangular forms the lateral wall and dorsal roof of the adductor fossa. Lateral to the glenoid, the surangular forms a small, thickened, dorsally projecting lip. A surangular foramen is present rostral to the glenoid and an additional small foramen is present caudoventral to this, as occurs in other ornithischians (e.g., Hypsilophodon: Galton, 1974) . The glenoid itself is not exposed, but it seems likely that the surangular made at least a small contribution to the jaw articulation. The caudal end of the surangular is directed caudally and slightly dorsally, forming the lateral surface of the distinct retroarticular process and the lateral margin of the cup for the articular.
Angular-The angular forms the ventral half of the caudal part of the mandible in lateral view (Figs. 8B, C, 9B) and articulates with the surangular along an arched suture. Its lateral surface is flat to gently convex dorsoventrally. Medially it articulates dorsally with the prefrontal and is medially overlapped at its rostral end by the splenial. Only a small portion of the angular is therefore visible in medial view. Caudally it forms the ventral surface of the retroarticular process.
Articular-The articular is present on both sides of the holotype (Figs. 8B, C, 9B ), but is very poorly exposed because it is preserved in articulation with the quadrate condyles and because the caudal ends of both hemimandibles are exposed primarily in ventral view. The articular sits in a cup formed by the prearticular medially, the angular ventrally, and the surangular laterally. It presumbly formed the majority of the jaw articular surface, although the glenoid is not exposed. Prearticular-The left prearticular of the holotype is visible in medial view (Fig. 9B) , and the caudal end of the right prearticular is visible in ventral view (Fig. 8C) . The prearticular is a dorsoventrally narrow, transversely compressed sheet that forms the ventromedial margin of the adductor fossa; at its caudal end it expands dorsoventrally and twists so that its medial surface faces ventromedially, forming part of the cup for the articular. Rostrally it also expands dorsoventrally to articulate with the caudal end of the dentary, and is overlapped by the splenial. An internal mandibular foramen (cf. Sereno, 1991: fig. 13G ) is absent, unlike the condition in Psittacosaurus (Sereno, 1987) . Laterally the prearticular articulates with the angular.
Coronoid-The left coronoid is visible in medial view in the holotype specimen (Fig. 9A) . It is an elongate, transversely compressed, strap-like bone that is positioned immediately ventral to the erupted crowns on the medial surface of the mandible, dorsal to the row of replacement foramina. Unlike the condition in Lesothosaurus (Sereno, 1991: fig. 13G ), it does not obscure the replacement foramina in medial view. The most rostral extent of the coronoid (as preserved-it is possible that it is incomplete) is at about half the length of the dentary, and it extends caudally until it is overlapped and obscured by the splenial at the base of the coronoid process of the dentary. There is a poorly exposed, rostrocaudally broad ossification that forms the rostromedial surface of the coronoid process and resembles the coronoid ossification figured for Hypsilophodon (Galton, 1974) ; because of overlap by the splenial, it is unclear whether this ossification is continuous with the element found more rostrally, or whether in fact the rostral element is a separate intercoronoid ossification as seen in some neoceratopsians (Brown and Schlaikjer, 1940; Makovicky and Norell, 2006) . However, the single coronoid ossification of Psittacosaurus has a similar morphology, with a lobate body positioned medial to the coronoid process and an elongate strap-like rostral extension (Sereno, 1987) .
Splenial-The left splenial of the holotype is exposed in medial view (Fig. 9A) ; the right splenial is partially exposed in ventral view (Fig. 8C) . The splenial is sheet-like and covers most of the medial surface of the caudal dentary. It is dorsoventrally deepest at a point immediately ventral to the most caudal dentary tooth, where it dorsally overlaps the coronoid, replacement foramina, and dental groove, and extends to the ventral margin of the dentary (a small sliver of the splenial is visible in lateral view at this point). Rostral to this point the splenial has a subtriangular outline and decreases in dorsoventral height, terminating ventral to the sixth or seventh dentary tooth, a short distance from the mandibular symphysis. It covers medially most of the broad mandibular groove. Caudally, the splenial also decreases in height, approaching the margin of the adductor fossa and overlapping the angular and prearticular. The caudal termination of the splenial, below the adductor fossa, is notched. A bifurcate caudal splenial is also present in the basal ceratopsian Archaeoceratops (IVPP V11114) but is absent in Hypsilophodon (Galton, 1974) , Jeholosaurus (P. M. Barrett, pers. comm., 2008) , Lesothosaurus (Sereno, 1991) , Psittacosaurus (Sereno, 1987) , and Stegoceras (Sues and Galton, 1987) .
Rostrally, a small foramen is positioned close to the ventral margin of the element. A similar foramen is present in saurischians, interpreted as the exit of the mylohyoid nerve, and has been considered a synapomorphy of Saurischia (Rauhut, 2003) .
Hyoid-Ventral to the basioccipital and basisphenoid, an elongated rod-like element probably represents a first ceratobranchial because this is the dominant and most highly ossified element of the hyoid apparatus in modern reptiles (see Ostrom, 1961; Galton, 1974) .
Dentition
Premaxillary Teeth-Five premaxillary teeth are present, although in almost all cases they are either broken and missing, incompletely exposed, or incompletely erupted (Fig. 2F) . Five premaxillary teeth are also present in Agilisaurus (ZDM T6011), Bugenasaura (Galton, 1999) , Hypsilophodon (Galton, 1974) , Orodromeus (Scheetz, 1999) , and Zephyrosaurus (Sues, 1980) . By contrast, six premaxillary teeth are present in Jeholosaurus (Xu et al., 2000) and the basal ornithischian Lesothosaurus (Sereno, 1991) ), and pachycephalosaurs (e.g., Maryańska and Osmólska, 1974) , two teeth are present in Chaoyangsaurus (IGCAGS V371: Zhao et al., 1999) , a single tooth is present in Xuanhuaceratops (Zhao et al., 2006) , and premaxillary teeth are absent in Psittacosaurus (e.g., Sereno, 1987) .
The first premaxillary tooth is inset a short distance in Changchunsaurus, approximately equal to the mesiodistal length of the first two premaxillary alveoli, from the rostral margin of the premaxilla. Although Zan et al. (2005) suggested that this short edentulous margin was plesiomorphic relative to the condition within Cerapoda, a similar condition is actually widespread in basal cerapodans, including Archaeoceratops (IVPP V11114), Jeholosaurus (IVPP V15716), Prenocephale (ZPAL MgD-I/104), and Zephyrosaurus (Sues, 1980: fig. 2D ). The premaxillary teeth of Changchunsaurus are strongly recurved, have pointed apices, lack ridges or any kind of ornament on the labial/lingual surfaces, are expanded mesiodistally above the root, have symmetrically distributed enamel, and, as far as can be determined, lack denticles. Replacement foramina, one per alveolus, are present medial to, and (in most cases) continuous with, the alveoli. The replacement foramina are connected to one another by a low groove for the dental lamina. In their general morphology, the premaxillary crowns appear to be similar to those other small-bodied ornithischians and basal cerapodans, including Agilisaurus (ZDM T6011), Bugenasaura (Galton, 1999) , Jeholosaurus (Xu et al., 2000) , Lesothosaurus (Sereno, 1991) , Thescelosaurus (Galton, 1997) , and Zephyrosaurus (Sues, 1980) . Maxillary Teeth-In labial/lingual view the maxillary crowns ( Fig. 10A-F ) are low with a mesiodistal length that is similar to the apicobasal height. Approximately 6-8 small denticles are present on the mesial and distal surfaces; these denticles are generally restricted to the apical half of the crown and are thus often obliterated by wear facets. Denticles are generally supported by low ridges that extend a short distance onto the labial side of the crown, with the most mesial and distal denticles being supported by low ridges that merge with the basal cingulum. As in Jeholosaurus (Xu et al., 2000) , there seems to be some positional variation in the relative prominence of these ridges, with crowns from the caudal end of the tooth row having more prominent ridges. There is also often a low median eminence on the labial surface, with the crown being mesiodistally concave either side of this; however, a prominent primary ridge is absent. A thin layer of enamel appears to be symmetrically distributed on lingual and labial crown surfaces, as noted by Zan et al. (2005) . The base of the crown is weakly expanded both labiolingually (forming a weak 'cingulum') and mesiodistally above the root. The maxillary crowns overlap one another in an imbricate fashion: the distal part of each crown laterally overlaps the mesial part of the succeeding crown. The lingual surfaces of erupted crowns are covered by a single large wear facet, which is angled at around 45 degrees to a long axis through the root of the tooth. A row of slit-like replacement foramina ('special foramina') are positioned medial to the tooth row, one per alveolus, and are connected to one another by a groove for the dental lamina.
The maxillary teeth closely resemble those of Jeholosaurus (Xu et al., 2000; P. M. Barrett, pers. comm., 2008) , Othnielosaurus (Galton, 1983) , and Zephyrosaurus (Sues, 1980: fig. 3 ). They also resemble those of Hypsilophodon (NHM R197), although the ridges on the labial surface are generally less well developed in Changchunsaurus. The maxillary crowns of Orodromeus apparently lack ridges supporting their marginal denticles (Scheetz, 1999) . The crowns of Bugenasaura and Thescelosaurus differ from those of Changchunsaurus in possessing a well-developed primary ridge and much more strongly delineated secondary ridges (Galton, 1997 (Galton, , 1999 . The crowns of the basal ceratopsians Chaoyangsaurus (Zhao et al., 1999) and Yinlong (IVPP V14530) differ from those of Changchunsaurus in their apicobasally tall crowns, the lack of well-developed ridges on their labial surfaces, and the very prominent mesial and distal ridges; in these features the crowns of Yinlong are highly reminiscent of the maxillary crowns of basal ornithischians such as Agilisaurus (ZDM T6011), Hexinlusaurus (ZDM T6001), and heterodontosaurids (e.g., Thulborn, 1974) .
Dentary Teeth-The dentary crowns are poorly exposed on the type specimen. However, six well-preserved dentary crowns from the middle of the tooth row are present in JLUM L0204-Y-24 (Fig. 10G, H) . The dentary crowns are highly plesiomorphic in appearance and show some differences from the maxillary crowns. In lingual/labial view they are low and subtriangular, with a maximum mesiodistal length that is similar to the maximum apicobasal height. As in the maxillary crowns, approximately 6-8 small denticles are present on the mesial and distal surfaces; however, these denticles extend more closely to the crown base and are not so readily obliterated by wear facets. Unlike the maxillary crowns, the denticles are not supported by ridges on their lingual surface and there is no clearly defined primary ridge. There is a prominent apicobasally extending median eminence on the lingual surface; this eminence is convex mesiodistally. Mesial to this eminence the lingual crown surface is gently concave mesiodistally; distal to this eminence the lingual crown surface is much more strongly concave, and its basal margin is marked by a prominent ridge that supports the most distal denticle. The morphology of the labial surface is generally obliterated by wear; however, two less completely erupted crowns show that the labial surface is strongly convex mesiodistally but lacked a distinct central eminence and primary/secondary ridges.
The base of the crown is weakly expanded both labiolingually (forming a weak basal 'cingulum') and mesiodistally above the root. In mesial/distal views the crowns are asymmetrical: the base of the crown is positioned further from the apex on the labial surface. The dentary crowns overlap one another in an imbricate fashion: the distal part of each crown laterally overlaps the mesial part of the succeeding crown. The labial surfaces of most of the crowns are covered by a single large wear facet; the two less completely erupted crowns possess only small apical wear facets. This wear facet is angled at around 70 degrees to a long axis through the root of the tooth and is not planar but is gently concave apicobasally.
The low triangular dentary teeth are highly reminiscent of those of basal ornithischians such as Lesothosaurus (Sereno, 1991) and Scutellosaurus (Colbert, 1981) , as well as the basal ornithopod Orodromeus (Horner and Weishampel, 1988; Galton, 1995; Scheetz, 1999) . The dentary crowns of Bugenasaura (Galton, 1999) , Hypsilophodon (Galton, 1974) , Thescelosaurus (Galton, 1997), and Zephyrosaurus (Sues, 1980) differ in possessing well-developed ridges on their labial/lingual surfaces, including primary ridges in the former three taxa. The dentary crowns of Jeholosaurus and Yinlong are unfortunately poorly known because they are obscured by the maxillary teeth in known specimens.
DISCUSSION

Comparison to Jeholosaurus shangyuanensis
Changchunsaurus parvus is similar in its general cranial anatomy to the similar sized and possibly contemporaneous Jeholosaurus shangyuanensis, known from multiple specimens from the Yixian Formation (Barremian-early Aptian) of Liaoning Province (Xu et al., 2000) , geographically close to the type locality for Changchunsaurus but from a tectonically distinct sedimentary basin. Notably, both taxa possess the following characters: a strongly rugose rostral margin of the premaxilla; a fossa on the premaxilla/maxilla boundary; nodular ornamentation on the jugal; possibly a caudal bifurcation of the jugal (unconfirmed in Changchunsaurus); a flange-like keel on the ventral surface of the basioccipital; an elongate, arrow-shaped predentary with a sharp, upturned rostral tip, deeply incised lateral sulci, and an elongate caudoventral process. Although all of these characters occur in other ornithischians (see comparative observations above), this combination of characters is unique to Changchunsaurus and Jeholosaurus. In combination with their geographical and temporal proximity, this suggests that they are sister taxa and represent an endemic Asian clade of Early Cretaceous cerapodans. A number of significant differences are, however, present between Changchunsaurus and Jeholosaurus, supporting the recognition of two distinct taxa: five premaxillary teeth are present in Changchunsaurus whereas six are present in Jeholosaurus; the dorsal margin of the buccal emargination is much more widely separated from the ventral margin of the external antorbital fenestra in Changchunsaurus when compared to Jeholosaurus; a jugal boss is present in Changchunsaurus but absent in Jeholosaurus; ornamentation is limited to a discrete area of the jugal in Changchunsaurus but occurs more broadly over the lateral surface of the jugal and postorbital in Jeholosaurus (although, as discussed above this may be under ontogenetic control); a large quadratojugal foramen is present in Jeholosaurus but absent in Changchunsaurus; the basipterygoid processes are oriented nearly vertically in Jeholosaurus but are rostroventrally oriented in Changchunsaurus; the caudoventral process of the predentary is bifurcate in Changchunsaurus but not in Jeholosaurus. Moreover, Jeholosaurus definitely lacks one of the three features identified as potentially autapomorphic for Changchunsaurus (the rugose thickening of the rostrodorsal margin of the lateral surface of the dentary; see above), although the other features cannot be assessed in available Jeholosaurus specimens.
